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(54) SOUD POLYMER ELECTROLYTE 

(57) An object of the present invention is to provide 
; i ~ u siectn ft xhlb kc. 

lent thermal characteristics, physical characteristics, 
and ionic conductivity, and in particular, to provide a 
completely solid electrolyte and a copolymer composi- 
tion that functions as the substrate for producing such 
an electrolyte. A sotid polymer electrolyte comprising an 
electrolyte salt, and a copolymer in which a block chain 
A containing a repeating unit represented by a formula 
(!) shown below, 



R2 [=0 R 4b 

0~~^CHCH— 0~}~R 5 



a block chain B i , nit represented 

by a formula (if) shown oetow: 



GO 



{wherein, R g represents an aryi group), and a block 
chain C cental mm; a repeating arte represented by a foe 
mufa (III) shown below: 



• (III) 



(wherein, B. ; ;t a heteroaryl 

grouo) are arranges in the sequence B. A, C 
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Description 

TECHNICAL FIELD 

s [0001 ] The present invention relates to a solid polymer electrolyte that is particularly useful for use within secondary 
batteries 

BACKGROUND ART 

io [0002J Although batteries have long been used.they have recently been recognized as m I • srrtely important 
base componeni - quia crystal display elements, mil • ? < particularly 

m the cases of portable telephones and notebook type personal computers, the demands for improved battery per- 
formance and reduced battery weight are strong, and lithium ion batteries are attracting considerable attention as one 
type of battery capable o- meeting these demands Lithium ion batteries ofler higher energy densities and mors rapid 

is barging iff I 1 mium battenes. and offer consid for ie future 

[0003] In <. ( i ? d h e f 'a 

dihonally been used as ids electrolyte, but liquid electrolytes are prone to leakage and do net provide ideal long-term 
reliability. In contrast e it ; ufferfforr hese drawbacks n 1 > t v 

to a variety of electrochemical elements not only simplifies the production of the element, but arso enables reductions 

so in the size and weight of the element, ana because of the lack of any leakage problems, enables the provision of a 
highly reliable element. 

[0004] Accordingly in the field oi lithium ton battery research, the research and development of new solid electrolytes, 
and in particular the research ana development of solid polymer electrolytes that are lightweight, flexible and readily 
processed, is being actively pursued. 

£5 [0005] Aimosf all polymer compounds are Insulators, but since the announcement that e&rtain polymer materials 
such as polyethylene oxide (PEG) are capable of forming a crystalline complex with electrolyte salts such as lithium 
salts, resulting in a h . . / much attention has been I x t doctrclytes 

that use PEG or other potyaikvlemo oxides, or polyethylonoimines or polyphosphates thai contain similar ion disso- 
ciation groups as the electrolyte matrix. There have been many publications of research relating to solid polymer eleo 

30 trolytes in which a polyaikyiene oxide represents one component of the roatnx, and the ionic conductivity at room 
temperature has now reached 1 0'*to 1 0- 6 S/cm. However, in order to achieves high ionic conductivity, the polyaikyiene 
oxide content within the matrix must be increased, but unfortunately this leads to a marked deterioration in the strength 
and heat resistance of {he electrolyte film, meaning producing a practical solid electrolyte has been difficult Moreover, 
the ionic conductivity also decreases dramatically if foe temperature falls to 0"C or lower (see Japanese Unexamined 

as Patent Application, First Publication No. Hei 5-120312, and J. Appi. Electrochem., No. 5, 63 to 69 {1S75}}. 

[00063 A solid polymer electrolyte in which the matrix substrate comprises an ABA type triblock copolymer produced 
by co olyme ionornetha®yiate(A)andstyrene (S) via a living anionic pofymstteation 

has seen p<xxm - - at - >oiynw electrolyte (see Makromol. Chem... 180, 1069 to t07B (1989)). 
[0007] However, the homopaSymer of the mefooxypoiyethylens glycol monomstiiacrylate of the component (A) is a 

40 liquid at room temperature, even at very high molecular weights, meaning that in order to ensure that the A-B-A co- 
polymer forms a so« ! ilectrolytet latrfx substrate, the quantity of the component (A) must be restricted. However, this 
means that the shape and ■. ■■ ;■ •.: of the PEG domain, which functions as me diffusion and transport apace for the lithium 
o <• i%t c no conductivity at 40*G was a somewhat unsatisfactory 1 0 -s S/cm, 

*5 DISCLOSURE OF INVENTION 

[0008] An object of the present invention is to provide a solid polymer electrolyte that utilises a microphase separated 

structure to provide excellent ionic conductivity, thermal characteristics, and physical characteristics. 

[0003] As a result v ins a.-ned at resolving the problems described above, the inventors of me 

art 5 mv ha i copolym h 1 , K chain formed w thy 

poo! mon t i / i it, v i as poly sty re her one t a is 

ofthealkoxj! I io(m aerylaie chairs, then the pseudo cross-linking effect provided by the rigid 

v la t - ca ft . /hen juanti'a slkox ycfoa ilycol mono; 

acryiate units is increased; thus enabling a higher Ionic conductivity to be achieved, and enabling the inventors to 
55 con J >te t - - v « vention 

[0010] In other word, a first aspect of the present invention relates to the following: 

(1) A solid polymer electrolyte comprising an eiectrolyle salt, and a copolymer In which a block chain A containing 
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a repeating mil represented by a formula (I) shown below: 



10 




(wherein R, to R~ each represent. mcSepenriently. a hydrogen atom or a Hydrocarbon group of CI to 01 0. a: 
Fv. may bo bonded together to form a ring, R 4a and R 4b each represent, independently, a hydrogen atom or 
meihy! group i < • on. ahyd c 1 i < o gr x -i a i ace group, c -=\ grous m represen 

an integer from 2 to 100. and individual and R 4b groups may be either the same or different}, a block chain 
containing a repeating unit representee by a formula hp shown oeiow: 




{wherein R e to R s each represent, independently, a hydrogen atom or a hydrocarbon group of C1 to C10, and R 9 
30 represents an aryl group}, and a block chain C are arranged in the sequence B, A, C. 
The present invention also relates to the following aspects: 
(2) A solid polymer electrolyte according to the first aspect, wherein the block chain C contains a repeating unit 
represented by a formula (lit) shown below: 




• (HI) 



{wherein R 10 to R 12 each represent, independently, a hydrogen atom or a hydrocarbon group of C1 to C1 0. and 
** R;j represents an aryl group or a heteroaryl group). 

3} A sol t ? 1 i ■ ects, wbe :k 

to C form a copolymer with a B-A-C bonding sequence, 
t) As - Tier •" g t r 1 > ' sf 1 : 1 up vhet free of po 

ymerU-ation of too rep i j i i res nte n cy the formula (i) is at least 10 
» (5) A solid pofyirier electrolyte according to any one of the first through fourth aspects, wherein the degree of 

polymerization of the repeating unit represented by the formula (if) is at least 5. 

(6) A solid poiymer electrolyte according to any one of the second through fifth aspects, wherein the degree of 
polymerization of the rep tting unit or csonted by the formula (ill) is at least 5. 

(7) A solid polymer electrolyte according to any one of the first through sixth aspects, wherein the value of m in 
55 the formula (i) is an integer from 5 to 100. 

(8) A solid pofymer electrolyte according to any one of the first through seventh aspects, wherein the value of m 
in the formula (!) is an integer from 10 to 100. 

v 31 A so roe $ g to any one o? the second througt . n wh n the group R 13 
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j d the d< ii > repeating 

formula (IN) is at least 5. 

(10) A solid polymer electrolyte according to any one of Ate first through ninth aspects, wherein the molar ratio ({() 
({il)+C c rited by the formula ft). at:d the 

$ 3pres t edby he formula li) tnd > t <> in the block c ainCfewil tj 1/30 to 30/1, 

11) A s< ' wording to any one of the second through ninth aspects, wher nth® mo 

ts -octesented by the formula (I), and the combined total of the repeating 
units represented by the tormuia (if) and the repeating unite represented by the formula (HI) is within a range from 
1/30 fo 30/1. 

io (12) A solid polymer electrolyte according to any one of the - t the r umber 

average molecular weight of the copolymer is within a range from 5,000 to 1 .,000,000. 

(13) A solid polymer electrolyte according to any one of the first through twelfth aspects, which exhibits a micro- 
phase separated structure. 

(WJAsoHg polymer electrolyte according to any one of ihe firs! through thirteenth aspects, wherein the electrolyte 
» aiti art or mori m tf ecfed then go pi nsi tint) t iikali metal salts quaternary ammonium salts, 

quaternary pfiosphonium salts, transition metal salts, and proton ic acids 

{15) A aohci polymer electroiyie according !o any one of -he first through thirteenth aspects, wherein the electrolyte 
salt is a lithium salt. 

The present invention also relates to a sixteenth a: j of lescribed below 
so (18) A copolymer in which a block chain A containing a repeating unit! epi ? eciby; formula ii) shown below: 



~0 R 4b 



' (I) 



O— f-CHCH— O-j—Rg 



(wherein ft, to R 3 each represent, independently, a hydrogen atom or a hydrocarbon group ol CI to C1 0, ft, and 
R 3 may be bonded together to form a ring, R te and R 4b each represent, independently, a hydrogen atom or a 
methyl group, R 5 represents a hydrogen atom, a hydrocarbon group, an aeyi group, or a ailyl group, m represents 
an integer from 2 to 1 00, and individual R 4a and groups may be either the same or different), a block chain S 
containing a tepeatiny u en a formula (ll) shown beiow: 




• (II) 



{wherein R 6 to R a ea< h i 5 tly, a hydrogen atoi irocarbon grot of C1 oC10,andR 9 

represents an an/1 group), and a block chain C containing a repeating unit represented by s formula (111) shown 
below; 



4{— }4" ...an, 

R11 R13 
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(wherein R 10 to R< 2 each represent, independently, a hydrogen atom or a hydrocarbon group of C1 to C10. and 
R jr©pres nts 3 - t ngod tn the sequence B, A, C. 

The present tnven 1 t < aspects 

(17) A copolymer according to the sixteenth aspect, wherein the block chains A to C are bonded together in a 
$ 3 -AC sequence, 

18} A copolymer according fc thi >n ot the sixteenth and seventeenth aspects wberetr 3 ee of polym 
elation of the repeating unit represented by the formula (I) is at least 10. 

{19} A copolymer according to any one of the sixteenth through eighteenth aspects, wherein the degree of polym- 
erisation 0 - sorted by the formula (If) is at least 5. 
■>o 20}* p< * - 0 any one of the sixteenth through nineteenth \ < giee of potym 
srteation of the repeatii 5 1 ia tili) is at feast 5, 

{21} A copolymer according to any one of the sixteenth through twentieth aspects, wherein the value of m in the 
formula (I) :s an integer from 5 to 100. 

(22} A copolymer according to any one of the sixteenth through twentieth aspects, wherein the value of rn in the 
*s formula r|) is an integer from 10 to 100 

;23} A copolymer according lo any one 0! the sixteenth through twenty second aspects, wherein the group R, 3 in 
the formula (III) is an aryl group, ana the degree of polymerization 0? the repeating unit represented by the formula 
■fifl) is at leasts. 

{24} Ac polyn - ting to my one 0 the sixteenth through m y cts. wherein the n ar ratio (tl) 

so [a|M between the re tint s repre nied by the formula {I), and the combined iotas of the repeating units 

represented by the formula (i I) and the repeating units represented by the formula (III) Is within a range from 1/30 
to 30/1 . 

25)Acopolyn ii 1 any one of the sixteenth through twenty fourt ts| c w s-rern the number average 

molecular weight of the copolymer Is within a range from 5,000 to 1,000,000, 
» (26) A copolymer according to any one of the sixteenth through twenty fifth aspects, which exhibits a microphase 
separated structure 

The present invention also relates to the following aspects. 

(27) A method of producing a copolymer according Jo any one of the sixteen! h through twenty sixth aspects, which 
ifiiizes a Isving rat \ 1 n which a transition metal mplex is used as haiyai to art orgrtnehai 

30 ogen compound comprising 1 or more halogen atoms is used as an initiator. 

(28) An ion conductive film containing a polymer comprising a polymer segment (Pi) that displays ionic conductivity 
and a polymer segment (F - ays no ionic conductivity, wherein the film exhibits a network-type microphase 
separated structure. 

(28) Ah toft conductive film according to the twenty eighm aspect, wherein the polymer comprising PI and P2 is 
as a polymer in which the segments are arranged in a P2, P1 . P2 sequence. 

1} Copolymer used in the Solid Polymer Electrolyte of the Present Invention 

[0011] A copolyme used in a s lid pofymet lectrolyt f the p isent ' , < c i, sing a block 

40 chain A containing a repeating unit represented by the formula (l), a block chain 8 containing a repeating unit repre- 
sented by the formula (if), and an arbitrary block chain G. wherein these block chains are arranged m the sequence 
8. A. C. in this case, the block chain B and the block chain C may be either the same or different, 
{0012] The statements that the block chains A and B contain repeating units represented by the formulas ii) and {ii} 
respectively include those cases in which the block chains contain other repeating units as structural units in addition 
■*s to he idea iting es in which nc ther structu I u - <ist witbir he chains Fur- 

thermore, in those cases where a block chain also contains other repeating units as structural units, there are no 
5 ictlons on the lotm of the polymer generated with the repeating ml: represer > the formula 
and random polymers, block polymers and alternating polymers are all possible. 

[0013] Furthermore, the statement that the block. chains at e r ' - • 1 those cases 

so r whicl the k 1 , wel as those cases in w oof- ed together via 

other* sir ucturai units such as linkage groups or other polymer chains in those eases where a copolymer also comprises 
another polymer chain as a structural unit, this chain may be either a homopoiymet c a 0 * ji order copol- 

ymer, and in the case of a copolymer there are no particular restrictions on the bonding within the copolymer, and 
random block, and gradient copolymers in which the component ratio gradually changes, are all suitable. Of the cases 
55 describ xtkeh 0 is bonded in those x in such cases, 

the term "bonded" means that \ tins are either bonded together di<< rbo 1 ;ether via a low mo- 

lecular weight linkage group such as an oxygen atom or an alkylene group. 

[0014] In the re ig t s 3 n ted by the fc mJr (I) the g a mendentty a 
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ihydt b 1 1 i i - . ■ - > • u yig s i , it p 

Isopropyl group, n-butyl group, see-butyi group, isobuiyl group. t-sutyi gtoup, phenyl group, naphthyt group, or benzyl 
group Furthermore R 1 and R g may ;g3therto lormaring 

JOOISj Theg-oup - ch represent, independently, a hydrogen atom or a methyl group, and m represents 

jet from 2 tc >nc r t( jer from 5 to 100, and even more preferably an integerirom 10 to 100. 

The values of m wiihin each repeating unit may be either the same or d fferen 
groups may be either the same or different. 

[0016] R s represents a hydrogen atom; a hydrocarbon group such as a methyl group, ethyl group, n-propy! group, 
isopropyl group, n-butyt group, sec-outyl group, isobutyl group, t-buly! group, n-hexyl group, phenyl group, substituted 
r i 1 j k such a o m>l q up aoe I grc 4 on ] 

t group s jo- as a trimeim it group 

[0017] The groups R, to R s may contain a substituent group at a suitable carbon atom, and specific examples of 
this sabstitueru group include a halogen atom such as a fluorine atom, chlorine alone or bromine atom, a hydrocarbon 
group such as a methyl group, ethyi group, n-propy! group, phenyl group, naphthyl group, or benzyl group, an acyl 
grc psuct *s na efyfgr up or benaoy ( ydt noxyg rofiasar rile in a ro group methoxy 
group, or pbencxy group, as we« as other groups such as a methylthio group, mothylsulfiny group, methylsutfonyl 
group, amino group, dimeihylamino group, or anillno group. 

[0018] The degree of pofymi i / he tomtula (I) varies depending on the 

value !■< 1 i s of east 10 are f e>erred ind values c 20orgrea » ed. Spar 

examples of the repeating unit representee by the formuia (I) include the compounds listed beiow The compounds 
d re; it hat can be considered as giving rise to the repeating t represent 'the formula (i). 

Furthermore, these repeating units can be emp o I igularl <\ moi nore different ape 

units. 

[0019] 2-methoxyethyl (meth)acryiate, 2-eaioxyetny : (meth)acrylate : 2-melhoxypropy! (meth)acryjate 2-ethoxypro- 
pyl (meih)acrviate meihoxypoiyathyiene glycol tmeth)actylate (in which the number of ethylene glycol units :s from 2 
to 100), ethoxypolyethyleno glycol ;maih)acryiato, phenoxypolyethyiene glycol tmethiacrylate. methoxypolypropylene 
n rich tht numb i f p < pv o n glycol units is from 2 to 100), ethoxypolypropylene giycol 
ot ii,! ycol (metrOacr) t q } col mono(meth)acrylate, 2-hydroxypro- 

pyl (rnothieoaylate. polypropylene glycol mory);meth)acrylafe, polyethylene glycol- polypropylene glycol rnonofmeih) 
aie.octoxypolyethj flyce >rof j c r j 1 > s *ne giyeoi mono(fneth) 

- ' - ene glycol mono(meth}acry!ate. the Blemer PME series of compounds (monomers of the 
formula (I) in which R 1 - R 2 « a hydrogen atom, R 3 ~ a methyl group, and m ~ 2 to 90) (manufactured by Nl PPON OIL 
& FAT Corporatior , , ere glycol (meth)acrylate, beraoyioxypoiyethytene glycol {meth)acrylate, iri- 

methylsiiyi >.-■..-■■. yc ■ ■ metbytsilylcxypolyetfcylene glycol 'methtacrytete methoxy- 

polyethylene the- cy I hex e ^ oyiato and n < ylens glycol olr nate 

[0020] In the repeating unit represented by the formula (II), the groups R s to R 8 each represent, independently, a 
-.1 t ,i arbon group c 1 o 10 carbon atoms such as a methyl group, ethyl group, mpropyi group, 
isopropyl group, n-butyl group sec-outy group, isobutyl group, t-butyl group, phenyl group, naphthy! group, or benzyl 
group, and the group Rg represents en ary! group such as a phenyl group, s st iph< y qtr i- naphthy! group 
or anfhraeenyl group. 

[0021] Furthermore, the groups R g to R 8 may contain a substituent group at a suitable carbon atom, and specific 
i i i lu Jv « slogan atom such as a fluorine atom chlorine atom, or bromine atom, 

> grc p t, h>l gr u n p v ou i p r bet /I 

group, an acyl gtoup auoli as an acetyl group or a benzoyl group, a hydrocarbon oxy group such as a nitrite group, 
nitre group, methoxy group, or phenoxy group, as well as other groups such as a methylthio group, metbylsuifinyl 
group, methylsuifonyl group, amino group, dimelaylamino group, or antiino group. 

[ greeofpolyn ng unit represei eformi yet least f 

even mors preferably 1 0 or greater. Specific examples of the repeating unit represented by the formula fjl) include the 
orngou ted beiow t i feted represent monomers that can be consi * g se to the 

repeating unit represented by the formula ;il). Furthermore, these repeating uruts can be employed either singularly, 
or in mixtures of woormored g units, 

[0023] Aryl compounds such as siyrene, o-methylstyrene, p-methyisfyrene p-f-butylstyrene. o>methyisfyrene. p-t- 
> -^t\ rv. n- 2 4 limethyistyrene m-chlorostyrer p-ch n vry 

lanisoie vinylbenzoic acid vinylanlllne vnylnaphthalene, and 9~vinylanthracene. 
v Cv 3 J 1 i , ating una, a < 

chains include those containing a repeating unit represented by the formula (III) 

[0025] In me repeating unit represented by the formuia (ill), the groups R 10 tc R 1s each represent, independently, a 
-on group of 1 to 10 carbon atoms such as a methyl group, ethyl group, n-propyi group. 
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r , . 'i i > i i p < p. pi >h?hyl grot < 

group. The group R 13 represents an aryl group such as a phenyl group, substituted phenyl group, naphtbyl group, or 
anthracenyi group, or a heleroaryl group such as a 2-pyridyl group or4-pyridyi group. 
[0026] Furthermore, the groups R. s0 to R 13 may contain a subs! fluent group - 

- - ude a nalogen atom such as a fluorine atom, chlorine atom, or bromine atom, 
a hydrocarbon group such as a meshy; group ethyl group, n-propyi group, pheny? group, naphthyi group, or benzyl 
group, an acyi group such as art acetyl group or a benzoyl group, a hydrocarbon oxy group such as a nitrite group, 
nitro group tethoxy group r phenoxy group as we!! s utne groups sue s me t , 

group, methyls ylsmino group, or aniisno group. 

{00273 Tie deg e: " of the repeating unit represented by the formula (JHJ is preferably at leas; 5, 

and even more pre o oftt sp< j unit represented by the formu la nciud 

thecompour i listed b< \ T jmpoi d tsted repres i r nun. s tree n b« oris 3 ris< othc 

repeating unit represented by the torrnula (III). Furthermore: these repeating units represented by the formula (Hi) can 
be employed either singularly, or in mixtures of two ot more different repeating units. 

[0028] Aryl eompoun 1 t is styreni roethylst ran methyls tyrene pa- 

1 1 1 1 tyrene m-chlorostyrer p-chlorostyren« f arbcx^ tyrene viny- 

oie, vmylben* 1 m r I e r \ n I j lit iyi 

pemoline 4-vinytquineline 2-vinytthiopftene, and 4-viriyithiophene 

[0029] A copolymer of the present invention may also contain repeating units that are different from the repeating 
> entedbytheforr - j a r >-■ - 1 1 > eting tetne 

compo ids ed below rurtfi i e hese repeating unrt an aise b sec within e bii k chain C thos 

n C does not contain a repeating unit represented by the he c ot pot nets sfed 

'ingriset the reps 1 r ^employed 



dock ehs 

onomers that can be considered; 
larly, or in mixtures of two or more diff= 



t repeating units. 

[0030] Suitable compounds include (meth)acrylates such as methyl (mefhtaetyiate. ethyl (methjacrylate. n-butyl 
{methjacrylate, t-butyl (methf&cryiate. cydohexyi (meth)acrylate, oenzyt (meth)acrylate : sobornyl (meth)acrylate. di- 
cyciopentenyl (rneth)aerylate, 1-adamantyl (meth)acrylate. 2anethyia2-abamantyl fmeth)aciylate 1-mstnyteneada- 
mantyl (meth)acryfate. f-ethylenoadam&ntyl {roetb)acryiate, 3,7-dimeihyi-l -adamaiy! (math )acryla;e. tricyciodeeanyl 
(roethjaetytat©, norbamano 0 Nf nyl (mplh)-Kry #v % 

:?-e;hylhexyt (meth)acryiaie. isodecy! ;rneib}acryi,ete isoociy (math) aery late, laury! (math -acrylate oyctohexyi (ne!h) 
actyiate, tetrahydrofuranyi (methgacryiale tetrahydropyrany] (meth)acryiate : 3-oxocyciohexyi (meth}acryiate, butyrol- 
acfone (meth)acrytate, and mevalonic lactone (meth)scryiate; conjugated dienes such as 1 ,3-butadiene, isoprene, 
2,3-dimethyM ,3 -butadiene. 1 ,3-pentadiene, 2-methyl-1 ,3-pentadlene, 1,3-hexatfiene, 1,6-hexadiene, 4,5-dieihyl- 
1 ,,3-OCtadtene, 3-butyl-t ,3-oefad!ene r and chioroprene: o. : 8 -unsaturated carboxyiic. acid imiees suet- as N-methylmaie- 
imide and N-pbenySmaleimicis. and « \V unsaturated nitrites such as (meth)acryionstrite. 

[0031] In addition, repeating units thai contain an intramolecular doubie bond capable of undergoing copolymer laa- 
tlon with a monomer that generates a repeating unit represented by one of the formulas (!) to (til)., and also contain at 
least one functional group selected from a group consisting of a hydroxy! group, carboxy! group, epoxy group, acid 

- so be incorporated assiruett 
units include the compounds listed below. The compounds 1 - " nomere that can be considered • 
Use to the equivalent repeating unit. Tneso repeating units can be employed either singularly, or m mixtures of two or 
more different repeating units, 
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[00321 The molar ratio ((!}'{(lf;+C'!i between the repealing units represented by the formula (!}. and the combined 
so t r e i a eo tl n C p eft, ib y 

wiihm a range from 1/30 to 30/1 if the proportion of the repeating units represented by the formula (I) is less than 1/30. 
then a satisfactory level of conductivity cannot be achieved, whereas il 

thermal cfc . - v.'-acteristics cannot be achieved. ' he combined 

total of the repeating units represented by the f em et < the block chain C is less than 1/30, 

25 then satisfactory thermal characteristics and physics! characteristics cannot be achieved whereas if the proportion 
exceeds m s where the 

cfc ain C conta it - ?pes g t _ s nted by the formula (ill), these repeating units represented by tt» 
i simply be inserted with it t ove rati in place of the repeating units wrtmn the block chain C. 

[0033] Although there are no particular restrictions on the number average molecular weight of a copolymer of the 

30 present invention . values within a range 1mm 5.000 to 1 ,000.000 are preferred If the number average molecular weight 
is less Shan 5,000, then the thermal characteristics and physical characteristics tend to deteriorate, whereas If the value 
exceeds 1.000,000, the moidabiiity and film forming characteristics tend to deteriorate. Furthermore, there are no 
>a cuiar restrictions on the ratio M in tween the weight average molecular weight (Mw) and the number average 
molecular weight (Mn), although in order to ensure formation of the microphase separated structure described below, 

as the ratio is preferably within a range from 1 ,01 to 2.50, and even more preferably from 1 .Of to 1 ,50. 

[0034] There are no particular restrictions on the structure of the copolymer of the present invention, provided the 
block chains A, 8. and C are arranged in a specific sequence, although in order to maintain a high level of ionic con- 
ductivity when used as a solid polymer electrolyte, the film structure preferably exhibits a microphase separated struc- 
ture, and even more preferably a network type microphase separated structure. 

2} Method of Producing the Copolymer 

[0035] In those cr e I t v 

and (V) shown below, as we!! as a repeating unit represented by the general formula {til) as the block drain C, the 

45 copolymer can be produced f'om a c { e * 1 awn methods 

such as a , nit isos i ransilicrt- m« il com lex as th "it/ 1 - ir d an organohalogen 

•nore halogen atoms a yn n in 2 u 

a stable radical, or a living anionic polymerisation. Of these, a living radical polymerization using a transition metal 
complex a s > org nohatogen compoundcomprising i 11 g 1 tores as the polymerization 

so initiator is preferred. 
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• • • (IV) 



\ 

R 7 



I 

R 3 



cv) 



«10 ^ 

R11 B}3 



• (VI) 



[0036] The groups R, to R 43 in the fon - J) t (V t are as defined above. A more s >ec fi< - jription of the 
methods reveals the following options: 

ss (i) a method in which a compound represented by the formula (!V) is reacted via a living radical polymerisation 
method using a bif unction al mitsator. and the thus obtained maccint a*or c 

the like is then further reacted with a monomer *\ at generates another bloc-; ctiam. thus sequentially extending 
the block chain, 

{ii) a method in which, with the exceptions of using a compound represented by the formula (V) instead of the 
so compound represented by the formula (IV), and using a monofunctsonal initiator, reaction is conducted in the same 
manner as (i), thus sequentially extending the block chain from the terminal, and 

(ii!) a method in which each block chain, or a portion of each block chain, Is polymerized using a predetermined 
sequence, and the block chains are subsequently subjected to a coupling reaction. 

as [0037] A living radical polymerization can be conducted using a transition metal complex as the catalyst and an 
organohaiogen compound comprising one or more halogen atoms within each molecule as the polymerisation initiator. 
[0<)383 The central metal within the transition metal complex is preferably manganese, rhenium, iron, ruthenium, 
modi urn . nickel, or an element from croup 7 to 11 on the periodic table such as copper (using the periodic table disclosed 
In Handb I c i U^) edited by Th pan). Oft ese 

40 metals, ruthenium is particularly preferred. There are no particular restrictions on the isgands that can be coordinated 
lemeta o 1 iota cot r ^x a i ugt example f preferred Isgands mctuo es of 18to5 

carbon atoms suets as Iriphenyiphosplilne and tnnaphthylphosphme. tnaikylphosphinee of 3 to 18 carbon atoms such 
as inethylphosphine and inbntylphosphine. iriarylphGsphrtes such as tripbenylphosphite. diphenyiphosphmoethane. 
1 a c H r s st i i i r t r i i mtJcf te. as well as earb ' to 1 p< r t i < 

■»5 ( idiene cy tadiene. cyciooct r d t nc 1 t tJ >, benzene ■ henol. 4 opropylt 

uene. cyciopentadienyi toluene, indenyi toluene, saiicylidene, 2-methylpentene. 2-butene. ailene. fumn, andcarboxylsc 
acids. Furthermore, nitre > < nit-3 are also usable. 

< 1 } I / of suostit 

nciudmg 1 Ikyl groups such as methyl groups t - nyf groups {in* 

so ciuchng C2 to C5 aikeny: groups such as vinyl groups and ally! groups}, alkynyi groups, alkoxy groups {including CI 

to C4 alkoxy groups such as methoxy groups), a^koxycarbonyl groups (ineludmg C1 to C4 aikoxycarbonyf groups such 
txycarbom i ps) acyi g oups (including C2 to C5 acyl g cups suci as acet.v a ps ac> <y g 

{including C2 to C5 aeyloxy groups such as formyl groups and acetyioxy groups), carboxy: groups, hydroxy! groups, 

amino groups, amide groups, Irnino groups, nitro groups, cyano groups, thioester groups thiokefone groups, thioether 
55 groups, and halogen atoms (such as chicane and bromine}. Specific examples of such substituted hydrocarbon ligands 

include cyclic hydrocarbon liganas mat may be substituted with 1 to 5 methyl groups such as pentamethyfeyclcpanta- 

dienyi ligands. 

[0040] Furthermore, in addftlon to the ligands described above, trie transition ti ci tsay a onfai s 
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hydroxy: group, an alkoxy group (such as a methoxy. ethoxy. prcpoxy. or butoxy group), an acyl group {such as an 
i y. i i - <■ , t t ict onyloretbo* bonyl group < i 

- ^ ' r yiace - » f i, a , jrc - N 

v "A) tell urocyanate (TeCN), SGS% OCN, QUO, oroide (N 3 ) group], an oxygen 
atom. H < j i it i pound such as NH 3 , MO, NOj, N0 3 ethylened no. diethyl< time 

yW.5-d ' ,.•(/,. a ip neo f 1 t 

6 2 terpy dine pyridinimins cross-linked aliphatic diamine 1 J 6 py dine bi 

p> 'a vit o i Mocyanate. 0, S SeorTs aik/h inopyn in< tute cdy 

ridine. dhaiKyiammokafkyipyndioe, ethyleneomammedipy^ieine or tntpyndinylmemylhamlntd 
[0041 J Using i 1 p i i 

xa c ptex used in producing a copoiym rthspri t r iici 

(iriphenylphosphine) ruthenium, dichiorot , sph ns) ruthen un ocr o r -i p en uthe 

nium. dfc:bioroHdi(iricymenephosphine)stvryS rufbemum. dichiororcyeloooladiene,) ruthenium, dicbiorobenzene ruthe- 
nium, dichioro-p-cymene ruEherssum. diohiofo(tiorbomacifene) ruthenium, tis - dich:orobis(2.2'- blpyr idme} ruthenium, 
dsehioroSris{i 1 0-phananitaolina) ruthenium, camonylchlorohydndotrisitriphenyiphoRphsnR} ruthenisiro ehiorocy- 
ciopentadienyibssiiriphenyiphospbine) ruthenium, chiorcartdenylbistarlpheriyiphosplurie ■ ru-hemum. and dihydrotef- 
rakis(triphenyiphosphf'nei ruthenium, and of these, dichlorotris(iriphenyiphosalane) ruthenium. chioroirideayibis(triphe- 
nyipnosphtne) ruthenium, and cilhydroteSrakishriphenyiphospbine) ruthenium are preferred in add&on. specific exam- 
npie:n i in iprsenylpm > at 

utyiamino) iron cttchlcriae, -ripnenylphosphine iron irichtorids. fl-bromojethylbenzene-trsethoxyphospnine iron orbm- 
mide. pi-ioromojsthylbeaj'onearipnenylehosphine iron dibromide, {1-bromo)ethyiben2erte4-1.'1'-di(S-r)onyl)-2.2'-bipyri- 
■ . benxene-tri-n butylamino iron dibromide (1-bremo;ei.hylDen/ene-t;an-butylphos- 
phins iron dibromide phosphrne iron dibromide. 1 * d <5 ncoyii c _ iion dibromide, tetraaiky- 

fl) bromide, 

dloarbonyicyclopeaiaaienyl iron(ll) chionde dicarbonyiindenyi rontin iodide, dicardonylamtenyl ironfil) bromide, dicar- 
bonyiindenyi iron(il} chloride, cscarbonylfiuereriyi iron(il) iodide, dicarbonylfiaoreny] irontib bromaie dicarbonyltiuore- 

y onj chloric i-o::soprop , 1 2 ylidenc iron cnbndu tind 1 3 f , i 

dazol-2-ylidene iron btomide; ruthenium complexes such as dicarfc >«y lop yi rust nium(ll) iodide, dies*- 

f iyl jther tm omid i tbc yoi dienyl ruthe nr i chlo te i bar Sony a 

tftenium(li) iodide, dicarbonyiindenyi ruthenium (if) bromide, dicarbonyiindenyi ruthemumtll} chionde. dicarbonyifiuore- 
nyi ruiheniumpi) iodide, dicarbonyifluorenyl ruihenium(lt) bromide, dicarbonylfiuorenyi ruihenium(M) chloride, and 
dichloro-di . nino}-methy!j(p-N 2 }pyridine ruthenium {(!}; nickel compiexes such as carbonylcyciopen- 

ddc tbonylcycioper - jiifd bromid carbonyk lopentadienyl nicke chloride, ca 

, nckep) bromide carbeny noeny rc<$\ ) chloride, camonyi 
nicKel(ii) iodide, caitonyifiuorenyl nlckei(li) iodide, carbonylfluorenyl nickei(ii) bromide, caibonyifiuorenyl nickei(il) 
chloride o,o'-di i tl / i -linomethyOphenyl nicke iridc rmosph - t 

c i ^tu^' 1 laminophen nickel bronade. dhtran-butyiphosp ne) nickel dibror at and taitriphenylphos- 
phine) niekei; mclybdenum compiexes such as tticarbonylcyclopentadieny; molybdertumtli) iodide, tricarfconyicy- 
c lopentadienyl moiybdenumfil i bromide, tricaneonyicyciopentadienyi mo;ybdenump|) chionde. d:-N-aryi-dit;2-dfrnetb- 
ylaminomathyip nyl) lithium ft ybdt in ii-N-aty! n thy ami j t ty limit i t ybd< a 

d!-N-aryl(2-dimethylaniiricmethyiphenyi)-trimethylsifylmeihyi lithium molybdenum, and di-N-aryi(2-d*nethyiami- 
nomethylphenyl)-p-teiyi lithium molybdenum: luapsien compiexes such as aioarbonykiyclopentadieayl tungatenfli) io- 
dide, tricartonyteyclopentadienyi lungsien {ll> bromide, and trlcarbonylcyciopentadienyl tungsten (I!) chloode; cobalt 

' - i c i ' - . n> i "v. 1 i co »res sue) > r t ^ ^ \ 

ileny: rheri , koxol 2 urn iodid iarmccm} sits sue 

ii i palladium con lexes such as Sriph i r 'I pailad :opper complex 

saits of diphenanthroline. subsiiluted diphenthroiine 2.2' : ohSaterpyadlna pyridinimine. or oross-linked aliphatic di- 
amine, and copper complexes sue! as acetyl <s-J , -di(&-m>nyl)«2 2'-b , , xa luorophospeine-diia-aagj 
(5-nonyl}a2,2*-bicyndinej coppesr copper thiocyanate. btpyndiae copper with coordinated O. S. Se, or Te. and copper 
w*h coordinated alkyiblpyridaiylamine alkyi substituted tripyfldme, ditaikylamtnojaikyipyridine, iminodipyridme, ethyl- 
, j ' , 1 i pentadieny ro (I iodide dicarbonyicy 
ciopentadieny; ruiheniumiii) iodide, and carbonylcyclopentadieny! nickei(li) iodide arm the \-xq are preferred. These 
I n metal come lady, oi two or mote different complexes 
[0042] T 

o r <r l nphsi 3 iron 1 to 4. or even n e, ha h fluorm I n bi mine t i iodls ! This 

organohalogen compound functions as an initiator for initiating the poiymeriaahon reaction by interacting with the tran- 
sition metal complex to generate radicals. This type of organohalogen compound can be used either singularly, or in 
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a combination of two or more different compounds. There are no particular restrictions on the organohaiogen com- 
pound, although suitable examples include the halogen compounds represented by the formulas ( Vii) and (VI li) shown 
below. 

s 



?2 



10 




• • * (VII) 



Rl5 

15 

S0 2 Rie . . . (vi j j) 



[0043] In these formulas, the groups R 14 and R 15 may be either the same or dif it.andef-.chi n i hydrogen 
atom, alky! group, cycioalkyl group, aryl group, army! group, o' an organic group containing a hetero atom. The group 
R^tebiose i i l , our ft an roup contaii ng a hetero 

atom. The alkyl groups, cycioalkyl groups, aryl groups, aralkyi groups, or orgar c r r u j n-U > *c» > 

£5 represented by R 14 to R, f , mntgroucs rhejpoupZ, represents either a halogen atom oran organic 

group containing a halogen atom, and the group Z z represents either the same as 2, or the same as R, 4 and R 1S 
Examples cf suitable halogen atoms include fluorine, chlorine, bromine, and iodine, although chlorine, bromine, and 

iiouiariyprete ad Spec or pies c to above -slkyl groups Include C1 to CI 2 it- '1 a ; 
methyl groups, ethyl groups, n-pmpy! groups, isopropyf groups, n-butyl groups, tsobutyl groups, sec-butyl groups, and 

30 t-butyl groups. Specific examples of the cycioalkyl groups include C4 to C12 cycloaJNyl groups (and preferably C4 to 
C8 cycioalkyl groups) such as cyclopenty! groups, cyclohexyi groups, and cyclooctyS groups. Specific examples of the 
aryl groups indude 06 to CI 2 aryl groups such as phenyl groups, Joiyi groups, and naphthyi groups, and specific 
examples of the aralkyi groups include C? to 01 4 aralkyi groups such as benzyl groups and phenethyi groups. Examples 
of the organic groups containing a hetero atom include organic groups containing at least one hetero atom (such as a 

as nitrogen, oxygen, or sulfur atom}, ana specific examples include ester groups [including alkoxycarbonyl groups (In- 
cluding aliphatic CI to CIO alkoxycarbonyl groups such as methoxyearfconyi groups, ethoxycarbonyl groups, propox- 
ycarfeony! groups, and butoxycarbonyl groups: and C6 to C12 asyloxycarbonyl groups such as phenexycarbonyl 
groups): acyioxy groups (meludltx; aliphatic C2 to CIO acyioxy groups such as acetyioxy groups and propionyloxy 
groups): and C6 to 01 } s be oxy groups], keto if i j I r t 

40 010 acyl groups such asformy! groups and acetyl groups; andCSto 012 arylcarbonys groups such as benzoyl groups), 
ether grous. (Including aliphatic C1 to CiOaikoxy groups such as methoxy groups i td I <\ groups, and 08 to 012 
aryloxy groups such as pbenoxy groups and naphtttoxy groups), as well as carboxyl groups, hydroxy! groups, amino 
groups, amide groups, imlno groups, cyano groups, nitro groups, ttcoester groups. Ihioketone groups, and tbloether 
g oups -such as al:< d i gto ps) The non-halogen atoms of groups R 14 and R }5 may 

[0044] £ , impounds include haloge yd noons re d by ->e above 

formula (VII). halogenated esters - halogen-containing esters'!, halogenateo ketones i halogen-containing ketones) and 
suifonyl halides (halogenated sulfcny! compounds) represented by the above formula (V). Specific examples of halo- 
genated hydrocarbons include haloalkanes [including Ct to Ci2 a.lkyl mononaiides such as methyl chloride, methyl 
so bromide, methyl iodide, ethyl chloride, ethyl bromide, ethyl iodide, n-ptopyl chloride, mpropyl bromide, n-propy: iodide, 
sscprcpy i ,u bromide py; iodide, t-butyl chloddt t-butyl bromid; and t-butyf i dldc C1 to C12 

dihatoalkanes such as dichloromethane, dibromomethane. diiodomothane. 1,1-dichloroethane 1 :-dibromoethane 

1 1 <u da i th i j 2-d:brom iiodo - - c r 

2 cd' etc o-2-iodopi cycloalkyi halides (including C5 to 010 cy lc k s such as cy- 
55 clohexy! chloride, and cyctoociy: chloride)], any! halides (including C6 to C 4 > i robenzene and 

dichlorobenzene) and i yi 1 ding C?to 014 aralkyi f i i ru tr aide 

benzyl iodide, benxhydryt chloride, benzhydryl bromide, 1 -phenytefhyl chloride, 1 -phenylethyi bromide. 1 -phenytethyl 
iodide, v y; r Jot t do xylylene dibromide. xyiylene dlicdide, dichiorophenylmethane. and dicblorodiphenylmeth- 
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ane. Specific examples of halogen -containing esters include C1 to ClOalfcyl esters, substituted alkyl esiers. oraiksrtyl 
esters of naiogen -containing C2 to C12 monooafboxylio acids {and preferably C1 So C4 alky! esters of halogen -con- 

3C4tc 1 > », C i t ' ' -I J . i < t > - 1 ' 1 ' 

l ct i 2 "-a -no 2 r lethyipropionafe hydroxyethyl 2-brorriopropionaie jiycidyir yl 2-bromopr< 

i ito bromolactone p-carboxyphenyfelhy 2-bromopropionate nethyl 
bi u i " ^ '-bromoteobutyrate, efhyi 2-bromoisobutyrar.e, methyl 2-iodoi- 

sobutyrate, and ethyi 2-iodoisobutyrata; CI to CIO alkyl esters of halogen-containing C1 to CI 4 poiycarboxySic acids 
- e ably C1 to 04 alky astets of ha ogen-coniatntig C2 to C8 dicarboxyiic acids) such as dimethyl 2-chioro- 
byfm . U o" 2 n t hylrro onate dime hy 2 bromc 2 math) n j oca e iethyl 2 bromo 2 me r 

iimethy lo-2-rnethylr " 1 I h> he. and dimethyl 2-t k4-tfim< 

ylciutarate. end halogen-containing C2 to CI 2 carboxyiic acids such as dlchiomaeetic acid, dtoromoacetic acid, 2-cnlo- 
roisobotyric acid nc c acid. Specif f examples of halogen-containing ketones inc del sogertai J 

C1 to CI 0 alkyi-CI to C1 0 aikyl ketones such is 2 chioroaeatono 1 1 dicbioroacetone > , moid (ketone aid 

1-bromoetbyl cshyt ketone: and haiogenated Ci io CIO aikyt-Ce toC12aryl ketones soon as 2 .2- dichioroacetophenone 

i 2-bron t aliXjf It J btomoprof nil sod bar 

zyi Ihiocyanafe. w zh can ate be- considered a part Ihi series, in addition to toe hale-get junds rapt 1 

eabov i < g poun ng 3 or 4 halogen a ■ 1 

mlfiaiors Erfampses of compounds containing 3 halogen atoms include Ct to C'2 mhaioaiksnes such as chloroform. 
C14aral lelides such as orophertylr 01 to CH ?sters jen-i i > 

OnOC K'y'iiC acid trie 1 ' r i - rog, f t ^ * v ~ lkyi-C ■ 10 C - r 

as 1 . 1 .1-tricWoroacetone, wnoreas examples of compounds containing A halogen atoms include CI to Ci 2 tetranaic- 
alkanes such as c < d bro-nomcMciometbane. Even corrv ' i 

such as f ia ic can be used 

[0045] Specific examples of suifony! halides represented by the above formula (Vtlf) Include aliphatic sulfonyi chio- 
dss (and particularly afkam i i o y ! milodde, 

meihanesulfonyi bromide, memanesuitonyl todicse. chioromethanesutfonyl chloride, chloromoshanesudonyl bromide 
cblorornethanesuitonyi iodide, dichlotoniethanesulfonyi chloride. dichloFonietiianosaifonyl bromide, dichlorometh- 
anesalfonyf Iodide, bromometbanesulfonyi chloride, bromometbaneau ifonyl bromide, brornornethanosuifonyl iodide, 
dtoromomsthanasulfonyl chloride, dllxomomethanestjffanyt bromide, dtbromomethanesulfony! Iodide, todometfi- 
anssuifonyf chloride, iodomethanesulfonyi bromide, iodomethamssulfonyl iodide, diiodomethanesu Ifonyl chloride, din 
odomethanesulfonyf bromide, diiodomethanesuSfony! iodide, and tricblofornethanesulfonyl chloride: and aromatic sul- 
fonyi halides such as beiuenesutfony! chioride, benzanesulfonyJ bromide, benzenesulfonyl iodide, p-methylbeirae- 
nesuifcnyl chioride, p-methylbenxenesuifonyi bromide, p-methyibenzenesulfonyi Iodide, p-chiorobsnzenesu»onyl 
chloride, p-chiorobenzenesuifonyi bromide, p-cbiombenzenesulfonyi iodide, p-meshoxybenzenesulfonyi chioride, p- 
methoxybensenesukony; bromide, p-meshoxybenzenesulfonyi iodide, p-nitfobenzenesulfonyl chloride, p-ratrobenze- 
nesuffony! bromide, pmi-robenzeresuifenyl iodide, p-tiuorobenzenesuifonyi chioride, p-carboxybenzenesu Ifonyl chio- 
ride, p-aminodiazoben zones uifonyi chioride, 2,5-dichiorobenzenesuifonyi chloride, 2,5-dimethoxybenzenesuifonyl 
chioride 2-i 1-naphthalenesuifonyl -tif myleho 

ride, (5-aminO'2maphtt-aiena)sul f onyi chloride. 1 .4-dtsulf onylchlorid© benzene, i ,4-disusfonyld:bromide dem-ene. 
1,4-dlsuitorsyldiiodidei i 'Idichloride naphthalene, 2, f J dmide naphtbafene, and2.6-di- 

suifonyidliodide naphthalene. In addition, examples of other halogen compounds that contain hetero atoms include 

2 , i to CIO aliphalio aiicyt and aromatic alcohols suet- as 2,2-dich 
roethanoi and 2.2-dsbronoeEhano!}, Inaiogenated nitriles (including halogenated mtnles such as dichloroacetcnSnie 

i i fii.irt t r omtni aiogei i i tiydt t i amides 

f0046] |f - livtf g radical pel * >r an amine, which ac ; agents by acting uf 

the metal complex to accelerate the radical polymerization, can also be added. Such Lewis acids ana amines can be 

< 1 is of two or more ditf i 1 mi. triction on 

the typo of Lewis acid used, and suitable examples Include the Lewis acids represented by the formulas {SX} and (X) 
shown below. 



V 
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r 17 m 2 r £C 

^19 



■ (X) 



[0047] in these formulas. M, represents an element from either group 3 or group 1 3 of the periodic table, and M 2 
represent; an element from either group 4 or group 14 of the periodic table. The groups R 1? to Rj® may be either the 
same or different, and each represent a halogen atom, ot an alkyl group, cycEoaikyl group ary! group, araikyi group, 
aikoxy group cyetoatkyfoxy croup, aryioxy group, or aralkykwy group Specific examptes of the aforementioned U, 

n q oup 1 3 

ofthepe od s is jo on 8 all mi mmAl gallium Ga ana idi m n a id if usee Sc h andAI areprc - 
and Sc and Ai are particularly .aeairabte Specific examples of Iho aforementioned fee, include eiemenis from group 4 
of the periodic table such as titanium ft, zirconium Zt. and hafnium Hf, and tl i jroup t4 of tn« 

tabic such as silicon Si, tin Sn, and iead Pb, and of these, Ti t 2r, and Sn are preferred. 

[0048] In the case of the groups R 17 to Rg 0> specific examples of the alkyl groups include C1 to C12 alkyl v rr = 
such as methyl groups, ethyl groups, n-propyi groups, isoprcpyl groups, n-butyl groups, isobuiyl groups, and t-butyl 
groups, specific examples of the cycloalkyi groups include C4 to C12 cycioalkyl groups (and preferably C4 to C8 
.'oiopemy! groups, cyclohexv t i c examptes of the ary I 

nctudeC6 to CI 2 ary! groups such as phenyl c ps.tolyl grou Jnapht froi - \ « f 
of the araiky j r C7 to C14. arafkyi groups such as benzyl groups and phenefhy g'oups 1 u th 

, 1 > l ^.4 to C8 cy- 

irouf t p oups cyclobcxyloxy groups indcj oacty i i tips and specific ex- 

amples of the araikyfoxy groups include C7 to C14 aratkyloxy groups such as ben?yioxy groups and phenethySoxy 
groups. 

£0049] Those groups R i7 to R so that are not halogen atoms may contain the same types of substituenis allowed in 
the aforementioned hydrocarbon ifgands. For example, aryioxy groups may contain a substituent group such as one 
or more CI to C5 alkyl groups on the aromatic ring. Specific examples of such substituted aryioxy groups include 
2-methylphenoxy groups. 3-methyiphenoxy groups, 4-roethyiphenoxy groups, 2-ethylprsenoxy groups. 3-ethyfphenoxy 
groups, 4-ethyiphenoxy groups, 2,6-dimethyiphenoxy groups. 2,6-dlethytphenoxy groups, 2,S-diisopropyiphsnoxy 
groups, 2,6-tfi-n-butylphenoxy groups, and 2,3-dk-butylphsnoxy groups. Preferred groups for R r/ to R 20 include net 
ogen atoms soon as chlorine, bromine, and iodine, alkyl groups, and aikoxy groups such as ethoxy groups, isopropoxy 
groups, n-butoxy groups, s-butoxy groups, and t-butoxy groups. 

JumO a f based he^ 

acids such as aluminum alkoxides I including C1 to C4 alkoxides or aryloxtdes of aluminum such as aluminum triethox- 
ide> aluminum triisopropoxide, aluminum tri-s-butoxide. aluminum us-t-butoxide. and aluminum fnphenoxide: and alky- 
t yoxi u i thylalu in ti ( c Ji-i-butyiphenoxide), ethyl-aluminum bis(2.6-di-t-Pu-yiphertox- 
ide), and rnethylaluminum bis(2.S-di-t-bu!yi-4-meihylphenoxide)j. and aluminum halides {including aluminum trihalides 
suets as alum < 1 .> aton ) indaiu tinum t dide) and these ndium-bi s 

correspond with th© above aluminum-based Lewis acids (including scandium alkoxides such as scandium trtsopro- 
pox i i 1 1 j scandium tribrom ide, and scandium triiodide). 

[0051] 5 v * i - j < 1 n;ed by the abuk rmula (X 1 aniui ased Lewis 

acids. Including titanium alkoxides (such as titanium tetramerboxide, titanium tetraelhoxide. titanium tetra-n-propoxide, 
( c r j^a e - > ' r ^ ii i oxtdi c r lit- urn 

triisopropoxide. dichtorotitantum diisopropoxide. and tdebtomtiiamum *cpropox:de); titanium natides (such as titanium 
tetrachloride, titanium tetrabromide, and titanium tetraiodide): zirconium-based Lewis acids that correspond with the 
above titanium-based lewis acids (including /ecomum alkoxides such as zirconium tetraeh-ioxide. zirconium tetra-n- 
propoxide. zirconium tetraisopropoxide. zirconium tetra-n-butoxide. and zirconium tetm-t-cmtoxicie, and zirconium hal- 
los sue i i mide and zlrco llde)' and j 
that corresp 1 wis acids (including tin alkoi< m poxide and 
tin halides such as tin tetrachloride, tin tetrabromide, and tin telraiodideh 
[0052] Of tries > i it compounds (and t 
which the melal is selected from a group consisting of atominom. scaridium. litanium zirconium, and tin. and specific 
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examples of preferred compounds include aluminum alkoxides (such as aluminum triethoxtde. aluminum iriisopropox- 
ide, aluminum trt-s-butoxkfe, and aluminum tri-t-butaxtde), scandiur alkoxides such as 
tamum alkoxides (such astrtaraum tetra aetboxide, titanium tetra c «um ra 

mbutoxie'e. titanium tetra-t-butoxide, and silanium ietraphenoxide}, zirconium alkoxides (such as zirconium tefraiso- 
propoxide), and tin alkoxides (such as tin tstraisopropoxide). 

[0053] Furthermore, mem are no particular restrictions on the type of amine I hat can be used, and any nitrogen- 
xj compound can be used, including secondary amines, tertiary amines, and nitrogen-containing aromatic 
heterocyclic compounds, although; ... ... amines and tertiary amines am p examples of suitable 

etude dime hyiamin di-n-propylamine. diisopropyiamine. dt-n-butylamine, pyrroli- 

dine pyridine.. 2 ; 2.6,6-tetramethyipfpersdine. piperazine. and morehoime whereas specific examples of suitable see 
a a i t pylamine tmn-butylamme, dii me, N,N : N 

N'-tetr8methytethyienerfiam:ne : 1 ,5-diazaoieycloi4,3,0]nori-5-ene. 1 .4-diarabicyclo[2.2.2|oct8ne. and 1 ,8-diazabicyclo 

i c -c ■■ e hermore omp e - woe more of a prim ry amine p r ao s s 

portion, and a tertiary amine portion within the one molecule can also be used. Specific examples of such compounds 
include diethylenehiamine. d'aetnylenetetramine ietraefhyipentatmne and 4-(?.am]neethyl}pipfmdine. The mac be- 
tween the ana n a no the Lewis acid ot mine *s typ ) > tei 0.05/1 
So 1 0/1 m r I i ■ r sb y f r m 0.1/1 to 5/1 (molar ratio}. 
^1^4 j o be a t ( r i 

stabler j rres t a I ' radical compoene an a ieaiien iml r. oranyofth 

various alkoxyamines 

fOOSSI A mend i one tnai can exis cone a j stable free group at room temperature or 

unde 'he poly ner /a t ^ ji ng a polymerization 

reaction, generating a bond that is capable of re-dissociating. Specific exarc _ b e of gen- 

erating one or mors ntttoxidt ; i, i c t r ti t p i I \ U ' t 

4-am!no-2,2.6 : 6-tetrametbyi- 1 -pspertdtnyioxy, 4-hydroxy-2 ! 2.6,6-tetnamethyl-1-ptperidinyloxy, 4-oxc-2 2.6.6-tetrame- 
tnyM-piperidinyioxy, 4,4'-dimethyl-l.3-oxa?o=irt-3-yioxy 2.2,5,5-tetramemyl-l-pyiTolidirtyloxy di-t-butylnitroxWe, and 
2,2-di{4-t-octySphenyf)-1i3icryfhydraxy!. 

[0056] The radical polymerize! ion in itsator cart be any compound that underg s decor eft on to generate fro© 

dicais. a < i e - ;eompot nds such as 2.2' -a/obis itytonil tuml 

vaieronitriie), dlacyl peroxides such as benzcyi peroxide, ketone peroxides such as methyl ethyl ketone peroxide, 
peroxyketals such as 1 ,l"bis(i-butyiperoxy}-3 ; 3,5-trimethylcyciohexane, hydroperoxides such as cumene hydroperox- 
ide, diaikyi peroxides such as dicumyl peroxide, and organic peroxides of peroxyesters such as t-butyf peraxypivaiate 
and t-butyl peroxybenxoa-e Furthermore, conventional polymerization accelerators such as dimethyianiiine or cobalt 
naphihenate thai am commonly combined wild organic peroxides Can aiSO fee used. 

[0057] The radical polymerization initiator is typically used in s quantity equivalent to 0.05 to 6 mois, and preferably 
from 0.2 to 2 mote, par 1 mot of the aforemeniiore < stable 2e< i . m; ound 

[0058] Examples of alkoxyamines include those compounds disclosed on sage 1 07 of "Handbook of Radical Polym- 
erization", NTS Co., Ltd., and those disclosed in J. Am. Chero. Sao, 1999, 121 , 3904, and of the« »« 
shown below are particularly preferred. 
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25 [0059] Specific examples ot methods ol producing a eopotymei using a living dlca i or nclude me 
following methods: 

{1)8 method in which the monomers are added sequentially, wherein once the conversion ratio of the first monomer 
has reached 100%, the second monomer is added to complete the polymerization, and this process is then ra- 
30 peated, thus generating a block copolymer 

(2) a method in which the second monomer is added, and the polymerization is continued, once the degree of 
polymerization or the molecular weight has reached a target value, regardless of whether or not the conversion 
ratio of the first monomer has reached 1 00%, thus generating a gradient copolymer In which random portions exist; 
between the block chains, and 

as (3) a method in which once the degree of polymerization or the molecular weight has reached a target value, 
regardless of whether or not the conversion ratio of the first monomer has reached 1 00%, the reaction is halted, 
and the polymer is removed from the system and added to another monomer as a macroinitiator, thus allowing a 
copolymerteation to proceed Intermittently, generating a block copolymer. 

40 [0060] There are no particular restrictions on the polymerization method, and conventional methods such as bulk 
polymerization, solution polymerization, suspension polymerization, or emulsion polymerization can be employed, ai- 
jh solution pc .pan , j e cases where a solo t 

'a (to par ula rest i - le solvenl if bons (such is benzene 

toluene srbon (such < ryj t mm hatic hydr t h as hexan and oc- 

*s tane). ketones (such as acetone, methyl ethyl ketone, and cytlohexanone). ethers, {such as tetfahydrofuran and diox- 
ane) esters (such as ethy tics r dimeth id 1 and H N dim; hyla 

cetamide), sulfoxides (such as dimethyl sulfoxide), alcohols (such as methanol and ethanolj, and potybydnc alcohol 
derivatives (such as ethylene glycol monomelhyl ether and ethylene glycol monomethyl ether acetate) These solvents 
can be used either singularly or in mixtures of two or more di solvents. The 1 is tyj <• ly conducted 

so either under vacuum or In an inert gas atmosp - ange from 0 

to 200*0, and preferably from 40 to 1 50°C, and at either normal pressure or urtd r s d oorcdtt ons. 
[0081] A living anionic polymerization is typically conducted using an alkali metal c r . eta *s the 
polymerization initiator, either under vacuum or in an inert gas atmosphere such es mitogen or argon, in an organic 
solvent, and at a temperature wshiii a range {mm -100 to 50° C, and preferably from -100m -2frC Examples of suitable 

55 alkali t si i, sodium jndcesii i s tjetals rsc ie 

alkylated, aiiylated or aryiatod compounds o! the above alkali metals Specif i< x < u llithium, sec 

butyilithium. s-butyilithtum. ethyisodlum, lithium biphenyl. lithium naphthalene, lithium tnpnenyt sodium naphthalene, 
c-methylstyrene dtanion, 1,1-dlphenylrtexyllitbiuro, and 1.1-diphetiy!-3-methylper : tyllfthium 
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[0062] Suitable organc solvents include the types of organic solvents typically used in anionic polymerizations, in- 
cluding aromatic hydrocarbons (such as benzene, toluene, and xylene), aliphatic hydrocarbons (such as hexane and 
octane), aiicyclic hydrocarbons ((such as cyclohexaneandeyciopentane), ketones (such as acetone, methyl ethyl ke- 
tone, and cyctehex* (such as setrabydroftaan, dioxane, etftylem 
s glycol dimethyl ether) inteoie, and e* h phoramtde. Furthermore, other cor itives, including 
She alkali metal satis or alkali earth metal salts of mineral adds such as lithium chloride and the like, can also be used 
tor controlling the cot c eaction. 

[0063J 1 n those esses where a compound containing an active hydrogen atom such as a hydroxy! group or a carboxyl 

group is used in a living an - - - the active hydrogen atom is first protected using a conventional pro- 

-'0 tective reaction such as a silylatlon or a conversion to an acetal or 80C group, tne poly merhrat ion reaction is conducted, 

ana then r<, a a cfor icid or alkali. 

[0064] Pt ner tction. or confirmation of completion of the reaction, can be ascertained 

i 1 ; }\a chro 1 • > leaiion ch atograr. lem 

I i ■> > f 'J- 'o ' f polymsrPm cl cecals »n be ot 

» typical separation and purification methods such as column purification or by adding me crude proci;;ct to water or 

another poor solvent, and; hen filtering off and drying the precipitated polymer component. 
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[0065] s i 1 r Is. t > 

salt The copolymer can use a mixture of two or more cope f mt,rs v tt j Jit nits 

[0066] There are no particular restrictions on the electrolyte salt used in the a ention sn electrolyte 
rr sing the de tied as tt»© most desirable charge carrier car? be used, although electrolytes that display a 
rgedissoc • istantwiin seik otymer electrolyte produced on curing are preferred. Suitable examples 
t i jtal salts, q ammon salt ich as [CH 3 }.,NBF 6 quaternary osp? n salts sue 

(CH 3 (: 4 P8F g . transition metal saits such as AgCiO,, or protonic aods such as hydrochloric acid perchloric acid, and 
liuorcboricacid, and ml these, alkal: metal sails, quaternary ammonium salts, quaternary phosphonium saits, and tran- 
sition metal salts are preferred. 

[0067] Specific sot suit « lyte salts include convenfionai alkali metal salts such as LiCF 3 SG~. UN 

(CF 3 S0 2 ) a , LIC(CF 3 SO a } 3 , LiC{CH 3 }(CF 3 S0 2 } 2 , LiCH{CF 3 S0 2 ) 2> LiCH 2 {CF 3 SO a ), LiC s F 5 S0 3 , UNfC^O^ UN 
{CF s S0 2 ), LIB(CF 3 S0 2 )2, UPF e , LiSbF Sl LiCi0 4 , Li, LiBF +; USCN, UAsF e . NaCF 3 S0 3 , NaPF 6 , NaCrO* : Nal, fMaBF 4l 
NaAsFg. KCF 3 S0 3 , KPF 8 , Kt, LiCF 3 CQ 3 , NaCI0 3 , NaSCN, KBF 4 , KPF 6 , Mg(CIO*) 2l and Mg(BF 4 ) s , and these elec- 
trolyte sails may be used either singularly or in mixtures of two or mere different salts. Of the above electrolyte salts, 
lithium saits are particularly preferred. 

[0068] The quantity added of the electrolyte salt is typically within a range from 0.005 to 80 mof%. and preferably 
from 0.01 to 50 moi%, relative to the quantity of afkylene oxide units within the copolymer. A polymer electrolyte of the 
present invention can be produced by adding, and mixing (comptexmg) an electrolyte salt with an aforementioned 
copolymer. There are no particular restrictions on the method used for this addition and complexes process, and 

h d i iii> s copolymer and the electrolyte salt are dis > 
such as tefrahydrofuran. methyl ethyl ketone, acetonitnie, ethartol, or dimet hylformamide, and a method in which the 
copolymer and the electrolyte salt are mixed together mechanically either at room temperature or under heat. 
[0069] Moid 1 » ymer electrolyte into sheep membrane, or film form is particularly desir- 

able, and by so doing, the degree of freedom o; the processed surface increases, which provides significant practical 
benefits. The sheet -tike; solid polymer cieclrclyie can be produced by any c a variety of coating techniques including 
roll coating, curtain coating, spin coating, sipping, or casting, and using one of these techniques, a film of the solid 
polyene eiectrolyti is fc " , 'i or th si In of i substrate sad the subs I o yie J the 

solid polymer electrolyte sheet. 

[0070] / i o r er comprising A. B. and 

C. in the composition, the block chain A, because it contains a repeating unit represented by the formula (I), can be 
considered as the polymer segment fP1) thai displays ionic conductivity, the block chain B, because it contains a 
the formula ;■!), can be considered as a polymer segment IP2; that displays no some 
conductivity, and the bloc* chain C of a preferred embodiment, which contains a repeating unit represented by the 
formula 0 v - ; ■ c tt (P2) that displays no ionic conductivity, and In • re the block 

chains are represented by each of these polymer segments, the copolymer is a polymer in which the segments are 
arranged In a P2. P1. P2 sequence. 

i ti ventson function c t * 

a polymer containing a polymer segment {P1 ) that displays ionic conductivity, and a polymer segment (?2) that displays 
no ionic cone : - <en the film comprises P 1 microdomains and P2 trier od j ;rophasesep 
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arated structure. 

[0072] Fui [ j t < i tt e 

ch a st ucfure t ic omc ccnduc ivi /..the f. - tar (eristics £ie 
thermal characteristics., and particularly the film strength, can all be improved. 

5 

BRIEF DESCRIPTION] OF THE DRAWINGS 

[00733 1 is a transmission electron microscope photograph showing a cross-section of an electrolyte film com- 
prising a B-A-B type multi-branched polymer compound according to the present Invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0074] As follows is a more detailed description o! the present invention using a senes of examples, although the 
present invention is in no way restricted to th J ex its i bt low 

15 

Example 1 <Soiid polymer eieclroiyte comprising a B-A-B type multi-branched polymer compound in which the block 
chain A oiy-methoxyj > I artdth bio ha;n B is poiys!yrene> 

( 1) Synthesis of me clock coram A 

[0075] To 89,40 g of toluene under an argon atmosphere were added 0.05 g (0 05 mmol) of dichlorotris(triphenyl- 

r. s enium and 22.35 g (20.0 mmoi) of metboxypoiyethyiene g r 

a compound of the ; note (IV) wherein m » 23, manufactured by hiOF Corporat 

mixing to generate a homogeneot. solo ' mine and 0.02 g 1 ' f f f 2,2-dichlo 

35 roaceiophenone were added rhe res < was then heated to 80»C under constant stirring to initiate the 

polymerization reaction. Following reaction for 22 hours from the point of reaction initiation, the polymerization reaction 
was halted by cooling the polymerization reaction system to 0"C. The polymerization ratio was 65.0%. The polymeri- 
zation eofution was tt c ; i fiedbyps i{ through a column to remove the metal complex and any unreacted mon- 
omers, and the toluene w s > i 

30 metftacrylate (hereafter abbreviated as P-PME1000-1). The resulting P-PME1 000-1 was a single peak polymer with 
a number average molecular weight {Mr} of 122,500. 

(2) Synthesis of a B-A-B type multi-branched polymer compound 

as [0076] To 20.37 g of toluene under an argon atmosphere were added 0,01 g {0.01 mmol) of chlorcpentamethylcy- 
clopeetadieey bisftriphenylph s - »nium 6.13 g (0 05 mmol) of P-PME10QO-1, 2 60 g (25 mmol) oi styrene, 
and 0.57 g (5.0 mmoi) of moefane, and following mixing to generate a homogeneous solution, 0 01 g (0.1 mmol) of dl- 
n-butylamine was added, and the resulting mixture was heated to 100»C under constant stirring to initiate the polym- 
erization reaction. Following reaction for 22 hours Iron- the point of reaction initiation, tile polymerization reaction was 

40 halted by cooling the polymerization reaction system to O'C. The styrene polymerization ratio was 26%. The polym- 
erization solution was then purified by passage through a column to remove the metal complex and any uwsacted 
monomers, and the toluene was then removed under reduced pressure, yielding a multi-branched polymer compound 
with a poiy-{styrene-b''Pfv 

chain. The thus b branched olymer mp und was a single peak polymer with a ratio between the block 

<s chain A 5 lain B of A/B = 2.06/1 (degree of polymerization ratio), arid Mn „ 135,000, Furthermore, the 

tnuso " dissolved in a tor md used to generate a film, and inspection 

o r cr t f i m under a transmission electro mmr j work-type micro 

separated structure. 

so (3) Preparation, and evaluation of the properties of a solid polymer electrolyte film 

[0077] I g of the mi i ; ymer compound obtained by the process described above was dissolved in 25 

mi of acetone under an argon atmosphere, and 0,09 q of LlChO., as an electrolyte salt was then added to the resulting 
solution and dissolved to generate a homogeneous solution. The solution was then spread onto a Teflon {registered 
55 idema tand for 24 hours at room temperatu i ofjr s 

at 60-C for 24 hours, thus generating a uniform solid electrolyte film (film thickness 140 ttm). Under an argon atmos- 
• us film was then s -.row r c lUnum plates and an impedance analyzer of frequency 6 Hz to 1 0 

MHz (Soianron-1 280) was used 1o measure she sonic conductivity by complex impedance analysts The measurement 
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revealed an ionic conductivity at 23 5 C of 3.8 x 10- 4 S/cm. 

[0078] Furthermore, the cross-section of the thus obtained solid polymer else • • i lected using a 

transmission electron microscope ft EM). The resulting photograph is shown in FIG. 1 . From FIG. i it is evident that 
he strudure w« <- *a a - i 5 rated structure. 

s 

Example ? - So ; sing a S-A-B type mufti-branched polymer compound in which the block 

chain A is poly-m< sthy ene glycol nono te^acrv late and the block chain B is polystyrene> 

(1 i S /n hesis f let xt c i A 

[0079] To 11 5.80 g of toluene under an argon atmosphere were added 0. to g (0.1 mmoi) of dichlorotris{trlphenyl- 
phosphine)ruthenium and 28.95 g (26.0 mmol) of Blemer PWE-1000 and following mixing to generate a homogeneous 
so u r i 0 C j n tnt i ) J i 3 \l i and 0.04 g (0.2 mm f In c f 

resulting mixture was then heated to 80 ; 'C under constant stirring to mstiate the polymerization reaction Following 
is < ic! i 1 4 o it f i i l n ts 1 s t jj in(j the poiym 

erization reaction system to 0 i: 'C. The polymerization ratio was 500;. The polymerization solution was then purified by 

any unreached monomers and the toluene was than 
land Kip i ;poi\ ho> thylenegly 1 1 1 I ea a >>, I 

as P-PME 1000-2). The resorting P-PME1 000-2 was a single peak polymer with a number average molecular weight 
so (Mn) of 70.000 (a degree of polymerization of 63). 

(2) Synthesis of a B-A-B type multi-branched polymer compound 

[0080] To 32.62 g of tofuene under an argon atmosphere were adoed C 02 g i 1 ;2 mm >i; o ch >rop mta -, j y 
25 elopeniadieny bisifriphe iv ? - aum 7 00 g (0.10 mmoi) of P-PME1 000-2, 6,98 g (67 mmol) of styrene, 

snd 0.57 g (5 0 ma 1 X g (0.2 mmol) of di- 

n-butylamine was added and the resulting mixture was heated io 100 : 'C under constant stirring to initiate the polym- 
erization reaction. Following reaction tor 45 hours from tne point of reaction initiation, the polymerization reaction was 
halted by cooling the poiymervahon reaction system to 0°C. The styrene polymerization conversion ratio was 57%, 
30 The polymerization solution was then purified by passage through a column lo remove the metal complex and any 
unreacted monomers, and the solvent was then removed under reduced pressure, yielding a mufti -branched polymer 
compound with a poly-<styrene-b-PM£-1 000-b-styrene) type structure in which the methoxypoiyethyfene glycol acted 
as a graft chain. Th e thus obtained mu ili-branched polymer compound was a single peak polymer with a ratio between 
the block chain A and tne btoek cham B of A/8 = 1/6 {degree of polymerization ratio), and Mo * 108,000. 

as 

(3) Preparation, and evaluation of the properties of a solid polymer electrolyte film 

[00811 With the exce »fo r 3 0? q of LtCID 4 , a uniform solid electrolyte fifm was prepared in the same manner 
as the example 1 , and the ionic conductivity was measured. The measurement revealed an ionic conductivity at 23«C 
40 of 5 ■/. 10-3 s/cm. Furthermore, inspection of the thus prepared film using a transmission electi on microscope revealed 
a similar network -type micro? . not e ectrolyfe obtained m the example 1 . 

Example 3 <Solid polymer electrolyte comprising a S-A-Btype mul-i -branched polymer compound in which lhe block 
chain A s poiy-meihoxy - te glj of mono i I * rylau mid h bio chain f is polystyrene 

(1) Synthesis of the block chain A 

tv/Djitj r i e were added 0.05 < 1 

g (1,0 mmol) of bfpyrtdme, and 29.80 g (60 mmol) of methoxypoiyethyiene glycol mo netha ryi \ (Blemer pme- 

» iv c j ^ " iereii m 4 lan tu l r i). and foil w ig 

mixing to generate a homogeneous solution. 0.09 g (0.5 mmol) of 2,2-ciichloroacetoplienono was added, and tne 
resulting mixture was then heated to 80*C under constant stirring to imitate the polymerization reaction. Foilcw;ng 
reaction for 40 hours from the point ot reaction initiation, the polymerization reaction was halted by cooling the polym- 
erization reaction system to 0"C The polymerization conversion ratio was 90%, 500 ml of THF was then added to the 

55 reaction solution, excess magnesium sulfate was added, and following filtering, the filtrate was purified by passage 
through a column to en e the mete ornplex nd any unreacted monomers The solvent was rhen removed under 
reduced pressure yielding poly-methoxypolyethylene glycol monomethaorytafe (hereafter abbreviated as P-PME400). 
The resulting P-PME400 was a single peak polymer with Mn - 55.000 (a degree o? polymerizatiors of 110). 
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(2) Synthesis of a B-A-B , I )C ted so ymei co pound 

[0083] To 14.58 g of toluene under an argon atmosphere were added 0.01 g (Oct mmol) of copper (!) chionde. 0.03 
g (0.2 mmoi} of btpyridine. 5.00 g (0.09 mmol) of P-PME400, 1.25 g {12 mmol) of styrene. and 0.11 g (1 .0 mmol) of n- 

$ octane, and following mixing to generate a homogeneous solution, the resulting mixture was heated to 100 a C under 
constant stirring to initiate the polymerization reaction. Following reaction for 25 hours from the point of reaction initi- 
ation, the polymerization reaction was hatted by cooling the polymerization reaction system to 0"C. The styrene po- 
lymerization conversion ratio was 70%. The reaction solution was then purified by passage through a column to remove 
the metal complex, and the ? -n removed under reduced presst , "tied polymer 

io compound -with a p \ r I yi le) type structure in which 3tf oiyethyiene glycol acted 

as a graft chain. The thus cbta r j t anched polymer compour pee n< witt mtcbetweer 

the block chain A and the block chain B of A/8 ~ 1 .2 j : aid Mn 65 000. 

(3) Preparation, and evaluation of the properties, of a solid polymer electrolyte film 

15 

{0084J With the exception of using 0.08 g of LiCf0 4 , the tonic conductivity was measured In the seme manner as the 
example 1 . The measurement revealed an ionic conductivity at 23 a C of 1 / 10 4 S/crn. Furthermore, inspection of the 
thus prepared fitm using a transmission electron necroscope revealed a similar network-type microphase separated 
structure to that of the solid polymer electrolyte obtained in tne example t 

Example 4 <So!id pc s ng a 8-A-C type mult L n o r * h n th I k 

chain A is poly-methoxypclyethylene glycol monoacryiate, the block chain B is polystyrene, and the block chain C is 
iscbomyi acryiate> 

is (' 1 . ' s of the clock chain B 

[0085] To 43 g of toluene that had v 500 degassing treats . 1 tied under no argon at- 

mosphere. 0.02 g {0.Q2 mmol) of chloropontameth^ . ■. hi p j her jm .'OSat.'OO 

mmol) of styrene, and 0 57 g (5 mmol) of n-octane, and following mixing to generate a homogeneous solution, 0.08 g 

30 {0.4 mmoi) of aluminum isopropoxide and 0.08 g (0.4 mmol) of 2-btomo isobutyrate were added and mixed to form a 
homogeneous solution, and the resulting solution was heated to 100*C under constant stirring to initiate the polymer- 
ization reaction. Following reaction for 50 hours from the point of reaction initiation, the polymerization reaction was 
hailed by cooling the polymerization reaction system to 0*0. The styrene polymerization conversion ratio was 50%. 
The polymerization solution was then purified by passage through a coiumn to remove the metal complex and any 

as unreacted monomers, and the volatile traction was then removed under reduced pressure, yielding polystyrene. The 
thus obtained polystyrene was a single peak polymer with Mn - 25,000. 

(2) Synthesis of a 8-A type multi-branched polymer compound 

40 [0086] To 88 9 of toluene under an argon atmosphere were added 0.02 9 (0.02 mmol) of chtoropentamethyicyefopen- 
tadienyl-bisftnphenyiphoaphtnefrtithenitari, 2.5 g (0 1 mmol) of the polystyrene obtained in (1) above, and 27.1 g (55 
mmol) of toe tine AMC 4C0 a compound of I > ed formula 

(VI) wherein m r iot md following r 1 g 1" omogeneous sc 

0.03 g (0 2 rrwnol) of di-n-butylanilna was added, end the resetting mixture was lushed to 8C' ; C to initiate the copoly- 

is merizaiton reactor Following r J5 tours from the point of copotyrra ic atiot * polymerize? >r\ 

reaction was halted by coo r yn action system to O'C. The AME-40J 1 - on convert n 

ratio was 60% The polymerization solution was then purified by passage through a column to remove the metal complex 
and any unreacted monomers, and the volatile fraction was then removed under reduced pressure, yielding a multi- 
branched polymer compound with a poiy-i.styrene-b-AME-400) type structure in which the methoxypolyethyiene glycol 

so acted as a graft chain. The thus obtained multi-branched polymer compound was a single peak polymer with Mn - 
1 73,000. 

(3) Synthesis of a 8-A-C type multi-branched polymer compound 

55 [0087] To47 | of toluene u r t 1 t ethyicyclop 1 

tadienyl-bis(frtphenytphosphine}teihentum 17 8 g (0.1 n mol) of -he x > 1 ?r eeta no n 2 

bove c t1 5 n 1 and 3 £7 g (5 r mo 0 n octa i^ and tol o 

homogeneous solution. 0.03 g (0 2 mmol) 0; di-n-butysamine was added and the resulting mixture was heated to30 ,: 'G 
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ij rider constant stirt irg ;o initiate the copolymers! ion reaction. Following reaction for 20 hows from *e point of reaction 
initiation, the copoiymertzation reaction was halted by cooling the polymerteation reaction system to o»G. The methyl 
aceyiate conversion ratio was 30% The polymerization solution was then purified by passage through a column to 
remove the metal complex and any unreaded monomers, and the volatile f < - wed ,nder reduced 

s pressure, yielding a multi-branched polymer compound with a poly-(s1yr©n©-b-AME-40G-b-isobornyi acryiale) typo 
r u n which ;he met . \ ycol acted as i graft chain t thijs obta 1 1 h d pofyme 

compound was a s ing e ie with a ratto between the bfock chain A, and the combination of the block chain 

B and the block chain C of A/{B+C) - 1 . 1/1 (degree of polymerization ratio), and Mn = 1 89,000. 

io (A) Preparation, and evalu I petties of a solid polymer electrolyte film 

[0038] With the exception of using 0.08 g of LiCI0 4 , a uniform solid electrolyte film was prepared in the same manner 
as the example i . and she ionic conductivity was measured. The measurement revested an ton* conductivity a* 23 "C 
of 2 >' 10- 4 S/crn. Furii k i n 5 \i f yoc 

W rnicre - ti oihafoHhr < [id poiymai tectr s n the xsmpte 1 . 

Example 5 

[0089] Using the B-A-B typ nulti-t i ed in the exampi LiO0 4 was Kick f h 

20 variety of different molar ratios, as shown in Table 1 {in the Li salt column), re lative to each mot of ethylene oxide units, 
sndsolid teswere prepared in the same manner as the examf snd tivity) 

of each solid polymer electrolyte was then measured at a number of different temperate- es using the method described 
in the example 1 . The results are shown in Table 1 . 



Tabic 1 



30 



U salt 


Conductivity (S/crrt) 




20°C 


30'C 


40°C 


S0"C 


eo»c 


0.03 


? 2E 06 


2.CE r.d 


32E-04 


4.4E-04 


5 4E-04 


70E-04 


0,05 


9 2£ 05 


3.0E-04 


4.6E-04 


5.6E-04 


6 3EQ4 


8.6E-04 


0.08 


i «F '? 


■ - ■ 


1.85-04 


3.0E-Q4 


- ■■ -:■ - 


5.5E-04 



Comparative Example 1 <Solid polymer electrolyte comprising a A-B-A type multi-branched poiymer compound in 
which the block chain A is poiy-metnoxypolyethyiene glycol mo i hacrytafe and the block chain B is polystyrene* 

[0090] Under conditions including constant stirring under an argon atmosphere at a temperature of -?8'C, 2.05 g 
(192 mmoi) of styrene was addon to 200 ml of a tetrahydroturan soiusion containing 0 15 mmoi of «-methylstyrene 
tetramer disodium, and the polymerization reaction was allowed to proceed for 1 hour. When a small sample of the 
polymerization solution was removed from the reaction system and analyzed by gas chromatography it was evident 
I hat the pol v sealed that the product poiymer * 

with Mn ::: 13.000 S o as eq u antty the iemperatute of the reaction system was raised to -<t0*C. 0 31 mmoi of diphe- 
g 6 5mi >l f PM E-400 was add i dropwise tothe rear Wtet allowing 

thecopoiyn i t methane! was added to halt the reaciion When a small sample 

ii < ' v a hy 1 was 

evident that the polymerization had finished. endGF'C analysis revealed that the product copolymer was a single peak 
polymer wrm Vn 13C s ed n m -educed pressure, 

tt i pound wi n a poh, {PFvlE-ihu I styrene L c rp t 

Dxypoiyetf } „ a p nuihmranched pol i t 

the same position at c ■ as the mufti-branched polymer c > i example*, 

i v ice c oss ii ik r g edect tl e polymer oomp >u id v< js i i scot s iiou at 

temperatures near room temperature, moaning film formation and ionic conductivity measurements worn impossible. 
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Comparative Example 2 <Solid polymer electrolyte comprising a B-A-8 type multi-branched poiymer compound in 
which the block chain A is poiymielnoxypofysihytene glycol monomethaerylate. and the block chain 3 is poty-methyl 
moth / ylate ■ 

s [0091] To 32.69 g of toluene under an argon atmosphere were added 0.05 g (0.0S mmol} of dichlorotrisftriphenyl- 
phosphirtejruthenium. 7 00 g (0 10 mmol) ot P-PME=1000 obtained in the example 2, 7.01 g (70 mmol) of methyl mofh- 
MA) and 0.57 g {5,0 mmo!) of n-octane, ana fol ow r 
c i g (0.2 mmol) of di-n-butylamine v.a^ added net the result ilxtu * she edto 3( 
m" 4 ymer&ation reaction. Followm rom the point o? readier 

nitiatior , ed by cooling the polymerisation •: action system to 0*C. The MMA po- 

■,v-;s 56' - v he poly mmettm solution was toe 1 , .imn to remove 

n < and any u t rs nd the solvent wa f ed underfed ilng 

i po ly n jound w " ' 1 ' p 1 1 1 1 ' t 

yethyiene glycol acted as agraitch3=n. The thus obtained multi-branched polymer compound was a single peak polymer 
t5 with a ta n A n the block chain B of A'B 1/6 {de 1 » 0 ar d VI 

107,000. Fudhermore. the !hns obtained multi-branched polymer compound was dissolved in acetone and used to 
' i Mitvt 2 s film under a iransmts&ion el 

unit n s u ji m no evidence of nuctopha u tare 

[0092] \ eas if i < 1 i f it i i i i v t\ i I aire manner as the ex t ssu < C i 

20 x10- s S/em. 

INDUSTRIAL APPLICABILITY 

[00931 A solid polymer electrolyte of the present invention, which exhibits a network-type microphase separated 
£5 structure as a result of thee jmentssuehasstyrenewitbnoio on conductive 

segments such as polyethylene glycol mono(meth)acrylate. displays practical levels of thermal characteristics, physical 

eristics, and ionic condu r tenliai uses as the solid / I 

chemical elements such as lithium batteries, and because the solid polymer elect oi nwntion enables 

reductions in both the size and weight of such elements, it is expected to offer considerable industrial benefits. 

30 

Claims 

1 . A solid polymer electrolyte comprising an electrolyte salt, and a copolymer in which a block chain A containing a 
as repeating unit represented by a formula (I) shown below: 




(wherein R t toR eac , - • ' depend j a hydrogen atom or c hv l group of C1 ioC10 % and 
R 3 may be bonded together to form a ring, ana R^ each represent , hydrogen atom or a 

netb) group R 5 epres < "> atom a hydrocarbon group, an acyt gioup. or a shy; group, m represents 

an integer from 2 to 100, and individual and groups are either identical or different), a block chain 8 
containing a repeating unit represented by a formula (I!) shown below: 
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4 



? i\ 

* p~ • • • (ID 

n 7 a> 



{wherein, tc r , t hydrogen atom or a hydrocarbon group of C1 to CI 0. and R s 

represents ai an, gioup snd a block chain C are arranged in a sequence B, A, C. 

2. A solid polymer electrolyte according to ciaim 1 . wherein said block chain C contains a repeating unit represented 
by a formula (Ml) shown below: 



Rio | 12 
~c c-~ 



(!!!) 



{wherein, R 10 to R 12 each e r * mtly. a hydrogen atom or a h> c iroupof C1 toCiO « 
25 R 13 represents an aryi group or a heteroaryi group), 

3. y n in 1 i I ii r 1 s k chains A to C form 

a copolymer with a 8-A-C bonding sequence. 

30 4. A solid polymer electrolyte according to any one of claim 1 through claim 3, wherein a degree of polymerization 
of a repeating unit represen ted by said formula (!) is at least 10, 

5, A solid polymer electrolyte according to any one of claim 1 through claim 4, wherein a degree of polymerization 
of a repeating unit represented by said formula (II) is at least 5, 

as 

6, A solid polymer electrolyte according to any one of ciaim 2 through claim 5, wherein a degree of polymerization 
of a repeating unit represented by said formula (Hi) is at least 5. 

7. A solid polymer electrolyte according tc any one of the claim 1 through claim 6, wherein a value of m in said formula 
40 [i) is an integer from 5 to 1 00. 

8. A solid f > v gh ciaim 7, wherein a value of m in said formuia 
(1) is an integer from 10 to 1C0. 

*s 9. A solid polymer eiearolyle according to any one of ciasrn 2 through claim 8. wherein said group ft n in said formuia 
{ill) is an \ I group, and a degree of polymerization of a repeating unit represented by said formula (Ml) is at least 5. 

10. A s .. . o 3 according to any one of c t A m 9. wfc in molar ra I 
between repea rted by sa^a fotru a | seated by 

an said formula (tl) and repeating units wsthtn sa:d block chain C is withm a range from 1/30 to 00/1 . 

11. A solid polymer electrolyte according to any one of clean :? through claim 9. wherein a molar rat* {(i)/{(li}-Ki!i») 
betweer epeaiing units epr< by formula (I), and a combined total of ropes , • y 
said formula (II) and repeating units represented by said formuia (ill) is within a range from 1/30 to 30/1 . 

$5 

12. A solid po?} - ny one of claim 1 through claim 1 1 , wherein a number average molecular 
weight of said copolymer is within a range from 5,000 to 1 ,000,000. 
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13. A solid polymer electrolyte according to any one of ciaum 1 through claim 12. wh*b exhibits a microphase separated 
structure. 

14. A 5 olid polymei electroij t » iny one of claim 1 through claim 13, where 

3' or more materials selected from a group consisting of alkaii metal calls, quaternary ammonium salts, quaternary 

phosphoraum salts, transition me) a! sate, and protonic acids. 

15. A solid polymer eiectrolyts according to any one of claim ' through claim 13. wherein said electrolyte sail is a 
lithium sail. 

10 

16. Ac eh a alock c^ri.n A containing a repeating unit represented by a formula (!) shown below: 



4-4 



• (0 



j==0 R 4i > 
0 ™^-CHCH— 0~^~ R$ 
R4 a S 



(wherein, R, to R 2 each represent, tndepst J r h - it b jpofCI toClO, R, and 

Rj may foe bo ded together n ring. R. t; , an; t r ij /a ivaioger n en cr a 

methyi group. R 5 represents a hydrogen atom, a hydrocarbon group, an acy group, cr a silyi group, m represent 
an integer from 2 to 100. and individual R 4a and groups are cither identical or different),, a block chain B 
containing a r - t-ingu a Jl} shown below: 



R 6 «8 

-ft— H- ••■ 



(II) 



{wherein, R$toR \ y a nyaroqei «om or a hydrocarbon group ol CI to CI 0, and R 9 

represents an aryl group), and a block chain C containing a repeating unit represented by a formula (SI!) shown 
below; 



~f ? 9~~h • * • (in) 



(wherein, R 10 to R 12 each represent, independently a hydrogen atom or a hydrocarbon group of C1 to C10, and 
R 1S represents an sryl group or a heieroae/i group) are arranged in a sequence 3. A, C. 

55 1? ft copolymer accor ng t a - f i i ether in a B-A-C sequenc 

18. A cope > - . k . . g to either one of ciatm 18 and claim 17, wherein a d- ' 
unit repress ; ~ s a1 leas! 10 



25 



EP 1 553 117 A1 



!9. A < ii ii 1 aim 16 through dairt 1 >ol> tiort of a repeating 

unit repress 1 ut is at least 5. 

20, A ceo ) 18 through cam 1 3 herein a eating 
5 unit represented by said formula {III) Is at least 5 

21 . A copolymer according to any one of claim 16 through claim 20, wherein a value of m in said formula (!) is m 
integer from 5 to 100. 

io 22. A copolymer according to any one of claim 16 through claim 20 : wherein a value of m in said formula ii) is an 
integer from 10 to 100. 

23. A copolymer according to any one of claim 1 6 through claim 22. wherein said group R ;3 in said formula ill!) :s an 
ary! group, and a degree of polymerization of a repeating unit represented by said formula (III) is at leasts. 

15 

24, A copolymer according to any one of claim 16 through claim S3, wherein a molar ratio ((!)/( iH)-r(HI))) between 

peatmgut aidforrnula (I) nd mbined total rep itin Jt it ) sentedby said formula 

1 i , J by said formula tlH) is -o' r s ' ' to 30/' 

so 25, A copolymer according to any one of claim 16 through claim 24. wherein a number average molecular weight of 
said copolymer & within a range from 5.000 to 1 .000 000 

26, A copolymer according to any one of claim 1 6 through claim 25, which exhibits a microphase separated structure. 

25 27. A method of producing a copolymer according to any one of claim 16 through claim 2.6. which utilizes a living 
radical polymerization in which a transition metal complex is used as a catalyst, and an organohalogen compound 
comprising 1 or more halogen atoms is used as an initiator. 

28, An ion conductive him containing a polymer comprising a polymer segment (PI) that displays ionic conductivity 
30 and a polymer segment (PS) thai displays no ionic conductivity, wherein said iiirn exhibits a network-type micro- 
phase separated structure. 

29. An ion conductive film according to claim 28, wherein said polymer comprising PI and 92 is a polymer In which 
said segments ate arranged in & P2« Pi , P2 sequence. 

as 
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